With modulation bandwidth of 10-15 GHz,' verticalavity surface-emitting lasers (VCSELs) have become a suitable choice for optical interconnects. However, the presence of higher order modes in the cavity can cause rapid variations of the spectral, spatial, and noise characteristics of the laser beam that can affect the gigahertz performance of these devices. Herein we present measurements of the response of VCSELs excited by 0.8-1-ns pulses that show the importance of mode competition and spatial hole burning in the dynamics in VCSELs.
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The lasers in this study, gain-guided GaAs/AlGaAs VCSELs' with an active region diameter of 8 pm, were prebiased and then electrically pumped with square pulses of 0.8-1-ns duration. Both the prebias and the peak currents were varied in order to characterize the VCSEGmode dynamics under different excitation conditions. The output of the VCSEL was spectrally dispersed with a monochromator and then detected with picosecond resolution using sum-frequency generation with a reference train of pulses from a mode-locked Ti:,% laser. the well understood multimode dynamics in edge-emitters semiconductor lasers, which present a strong competition among longitudinal modes from the beginning of laser action.
Utilizing a model that included the spatial distribution of carrier density and field amplitudes,' the observed transverse-mode dynamics in VCSELs can be understood as the xwult of the modal field profiles affecting the carrier density through spatial hole burning.
Figures 2(a) and (2@) show the measured and calculated evolution of the spectrally integrated intensity of each mode, for conditions corresponding to the time-resolved spectrum shown in Fig.  1 . Both the measurement and the calculation show the delayed onset of Llo that occurs after the relaxation oscillations of the first mode are already damped. This behavior implies that although the modal photon number for reached its steady state, the carrier density is still changing in certain zones of the active region. The onset of bo produces a significant drop in the intensity of Loor which suggests that both modes share the available gain. Figure 3 shows the computed evolution of the carrier density distribution that confirms that mode competition is due to the partial overlap of the field distribution functions that affects the spatial distribution of the carrier density. Additional measurements for VCSELs with larger active region diameters and longer excitation pulses are also presented. 
